Background: Physical activity during childhood and adolescence is associated with substantial health benefits and tracks into adulthood. Nevertheless, only 22.7% of German adolescents are sufficiently physically active. Thus, the promotion of an active lifestyle in youth is an essential issue of public health. This study will evaluate the implementation and efficacy of the "läuft." program to enhance physical activity in adolescence. "läuft." is a multicomponent school-based program developed on the basis of effective strategies for health interventions and behavioral change.
Background
There is extensive literature emphasizing physical activity as an important and modifiable factor influencing physical and mental health: being physically active on a regular basis is associated with substantial health benefits [1] [2] [3] [4] , including primary and secondary prevention of chronic diseases, a reduced risk of premature death and better mental health.
Physical activity in childhood and adolescence prevents a widespread variety of chronic diseases, including hypertension, obesity and depression [5, 6] . An active lifestyle early in life is not just important for health outcomes in adolescence but may also be a significant factor for the level of activity in adulthood and health-related physical fitness [7] [8] [9] [10] . Global recommendations on physical activity suggest that children and adolescents should take part in physical activity of moderate to vigorous intensity for at least 60 minutes per day to maintain health [11] . In consideration of epidemiological data, only 17.3% of female and 28.2% of male adolescents in Germany aged 11 to 17 years meet these recommendations [12] . Moreover, physical activity declines in older adolescents compared to children and younger adolescents [13] . Nader et al. reported a decline of moderate-to-vigorous physical activity from 180 minutes per day at 9 years to only 42 minutes per day at 15 years [14] . Hence, the promotion of an active lifestyle and physical fitness in early adolescence is an issue worthy of intervention development.
Considering the access to a large adolescent population, interventions based in the school setting are supposed to be the method of choice for increasing physical activity in youth [15] . Meta-analyses and reviews indicated positive impacts of school-based interventions for promoting physical activity on health-related indicators, namely an increase of rate and duration of in-school physical activity as well as aerobic fitness and a decrease of blood cholesterol and of physical inactivity [15] [16] [17] [18] . Notably, multicomponent interventions involving peers, parents and communities were assumed to be highly effective [18] . However, despite these encouraging outcomes, almost no improvements in out-of-school physical activity has emerged from studies to date, and increases in activity level were rather short-term [17, 18] . Therefore, school-based programs which aim to enhance physical activity and fitness in adolescents should also focus on changing the everyday routine to increase out-of-school physical activity and on establishing an active lifestyle in the long term.
There are several options for interventions to induce effects on physical activity throughout the entire day. One promising approach could be the use of pedometers which has already been shown to be effective in increasing physical activity among adolescents [19, 20] , not just in-school but also during out-of-school [21, 22] . These findings are supplemented by studies emphasizing self-monitoring and goal-setting as one of the most effective intervention strategies to promote physical activity [23, 24] . Both strategies can be easily and effectively combined with pedometer use [20] . The "läuft." program integrates these strategies that have been proven to be successful in the promotion of physical activity into a multicomponent approach [15, 18] that is school-based [15, 17, 18] and includes social support from peers and parents [25] , goal-setting and self-monitoring through pedometer use [23, 24] .
Objectives and hypotheses
The aim of the study is to evaluate the implementation and effectiveness of the "läuft." physical activity program among adolescents in grade 8. Therefore, a two-arm threewave cluster randomized controlled trial will be conducted. Expected effects on primary outcomes of the "läuft." program in the intervention compared to the control group are defined as:
1. an increase in physical activity in general and in different contexts measured by questionnaires; 2. a decrease of sedentary behavior measured by questionnaires; and 3. an increase in cardiovascular fitness measured by the 20-meter shuttle run test.
In addition to primary outcomes, the following secondary outcomes will be included in the evaluation study of the "läuft." physical activity program: body composition (that is, Body Mass Index (BMI), percentage of body fat mass and waist circumference), cardiovascular risk factors (that is, blood pressure, heart rate after stress as well as resting and recovery heart rate), mental health (that is, general self-efficacy, psychological well-being, self-esteem and depression), enjoyment of physical activity and sedentary behaviors, physical self-concept (that is, general physical capacity and physical attractiveness), self-efficacy towards physical activity, intention for physical activity and physical well-being.
Methods/design
Intervention "läuft." was designed by an interdisciplinary team of sport medicine specialists, sport scientists, teachers, nutritional scientists and psychologists.
The intervention operates at four levels: individual, class, school and parents. The intervention period is 12 weeks. An overview of all components of the intervention is shown in Figure 1 .
Class
The core components of the intervention are class competitions. On the one hand, each individual student in the class receives a pedometer and records the daily amount of steps over a period of 12 weeks. Steps are summed up to a class mean, documented on a class poster and reported to the project staff in three selected weeks. On the other hand, each class collects creative and inventive ideas on how to increase physical activity in everyday school life and keeps records of these ideas on the "läuft." homepage (www.laeuft.info). In addition, the classes take part in four educational lessons: (1) introduction to the "läuft." program, distribution of pedometers and informational material for students and their parents, (2) introduction to the creativity contest, (3) physical activity that combines running/ walking with exercises at environmental facilities (for example, a bench, stairs or a jungle gym), and (4) reflection of strategies to take more steps in everyday life and setting of physical activity goals for the time period after the project. Besides, additional modules are offered that can be flexibly conducted during the program. The modules deal with topics such as the reflection of student's physical activity, motives for being physically active or possible barriers to physical activity and how to handle them. Each lesson takes 45 minutes and will be conducted by teachers of the participating classes. After the end of the competition period, classes with the highest means of steps per week, with the largest increases and with the most inventive and creative class projects are awarded.
Individual
By using a pedometer, each student can evaluate his or her daily physical activity objectively and compare it to the class mean and common recommendations. Additionally, students can document their steps as well as their experiences during the program using a private and interactive user account on the "läuft." homepage. Based on students' entries, statistics (for example, mean of the week or day of best performance), a diagram to follow daily step totals over time and feedback will be delivered.
Furthermore, the homepage provides opportunities to share experiences with other participating students and compete on step totals. The homepage is optimized for online use with smartphones.
School
The headmaster and entire teaching staff of each participating school will receive information material, including background and description of the program, activitypromoting teaching methods, suggestions on how to improve the school environment to stimulate physical activity, and related links leading to further information. All participating teachers will be offered an introductory seminar to learn more about the concept and components of the "läuft." program.
Parents
A parent-teacher conference will take place at the class level to emphasize the importance of physical activity throughout the entire life and give parents ideas of how to support their children in establishing a physically active lifestyle. In addition, parents will receive information material about the program and the assessments. To take parents with a foreign background into account, materials will also be available in Turkish and Russian as the most frequently spoken foreign languages in Germany.
Study design
The effectiveness of the "läuft." physical activity program will be tested in a two-arm three-wave cluster randomized controlled trial. Data of the different waves are hypothesized to be clustered at the individual, class and school level. Schools are the units of randomization and will be randomly allocated to the intervention and control group. In intervention schools the "läuft." physical activity program will be implemented, while schools of the control group run through the usual curriculum and will receive no further intervention. In both groups, fitness, medical and questionnaire data will be collected for three times: "baseline" (immediately before the intervention), "post" (immediately after the intervention) and "follow-up" (12 months after the end of the intervention) assessment. In addition, after the intervention, qualitative analyses will be conducted in classes of the intervention group to gain insight into interactive processes within the classes and to reconstruct subjective experiences and interpretations of activating-strategies.
Process evaluation of the planned trial will be realized through questionnaires and interviews during and after the study, respectively. The study design is presented in Figure 2 . 
Sample size calculation
There are specific constraints for analysis of cluster randomized trials [26] since the responses of individuals within a cluster tend to be more similar than those of individuals of different clusters. This clustering effect can be defined as 1 + (m-1)p, where m is the average number of subjects per cluster and p the intraclass correlation coefficient (ICC) [27] . The ICC for physical fitness and adiposity was taken from another cluster randomized controlled trial, the Kindersportstudie (KISS) [28, 29] and estimated with approximately 0.05 (p). Assuming an equal average cluster size of 20 pupils with parental consent (m = 20), a clustering effect of 1.95 was determined. Without taking into account the clustering of the data, assuming a small to medium effect size of the intervention (Cohen's d = 0.30) on physical activity as one primary and the most important outcome being still detectable at follow-up, applying a significance level of alpha = 0.05 and power = 0.80, it can be estimated that N = 350 pupils are required to detect a difference between two independent sample means [30, 31] . Taking the cluster effect into account, a required sample size of N = 683 students and 34 classes was determined. A computerized sample size calculator for cluster randomized trials was used to confirm this estimation [32] .
Based on earlier experiences [33, 34] , a drop-out rate of 25% over the study was hypothesized. Hence, a total sample size of 911 pupils and 46 classes will be recruited for baseline to detect possible differences between the groups at follow-up. In order to recruit the estimated sample size of 46 classes while assuming a participation rate of 20% and an average of at least two participating classes per school, about 100 schools will be invited to participate.
Procedure and participants
The study has been approved by the ethics committee of the German Psychological Society as well as the Ministry of Education and Science of Schleswig-Holstein. It targets 8 th grade classes with students aged 12 up to 15 years in secondary schools in the federal state of SchleswigHolstein in Germany. Schools will be selected from a complete list of all secondary schools in SchleswigHolstein obtained from the Ministry of Education. All types of schools will be included, except schools for disabled students. In order to recruit a study sample of 46 classes, about 100 schools will be invited to participate. An invitation letter and information sheets about the aims, methods and requirements of the study will be sent to the head of each school. Copies of the letters of approval by the Ministry of Education and the ethics committee will be attached. Schools agreeing to participate must send back their written consent indicating the acceptance of study characteristics (including randomization), number of grade 8 classes eligible for the study, names of the class teachers, and number of students per class. All students of participating classes will be included in the study. Schools not agreeing to participate are requested to explain their denial. In order to conduct non-responder analysis, all invited schools will be asked to provide some basic data about type and size of school, number of grade 8 classes, gym and sports equipment, sports facilities on the school ground and offered sports events, projects and courses. Participating schools will be stratified (type of school and number of grade 8 classes) and randomly allocated to the intervention and the control groups. Furthermore, parents will receive information sheets about the study and will be asked for informed consent to the storage and use of assessed data of their children. Teachers will register all names of students with no permission in a list which they keep throughout the entire trial. Students with refusals will take part in the assessment but their data will not be registered.
Randomization
To avoid interference between the intervention and the control groups, stratified randomization will be carried out on the school level (according to the type of school and number of grade 8 classes). Expecting a higher dropout of schools in the intervention group, randomization follows a 3:2 ratio, that is, each school will have a 3:2 chance of being assigned to the an intervention group. Randomization will be performed with a computer program.
Data collection
From October 2013 to January 2014 the recruitment and randomization of schools will take place. In the intervention as well as in the control group, baseline data will be obtained in January and February 2014. The intervention program is scheduled for the period of March to May 2014. During this time the control group runs the usual curriculum. After 12 weeks, in the period of June to July 2014, post assessment data will be obtained. The follow-up assessment is planned for June and July 2015.
Pilot study
The program has been tested, evaluated and adapted during a pilot study. From April to June 2013 a pilot study with a shorter intervention period (eight weeks) was conducted, including two schools with four classes and 89 students (41 female students; M age = 13 years, SD = 0.50 years). To evaluate and improve the "läuft." physical activity program, different qualitative and quantitative methods were employed: participant observation of the educational lessons, questionnaires for students and teachers to evaluate these lessons, and the assessment as well as interviews with students and teachers about the entire intervention. Based on the insights gained with respect to feasibility, comprehensibility and acceptance from the obtained data and experiences, the program was modified. The intervention was followed by one assessment in order to evaluate the feasibility of physical and medical testing as well as the comprehensibility of the questionnaire. The assessment was adapted in accordance with the experiences and results.
Measures
The outcomes will be measured anonymously with selfadministered questionnaires, physical testing and medical testing on the individual level as well as qualitative methods on the individual and the class level. An overview of all outcomes that will be assessed is presented in Table 1 .
To permit a linking of individual information on subsequent assessments while assuring anonymity, each assessment-booklet will be labeled with a seven-digit individual code generated by the student [54] .
Medical testing
Standing height will be determined using a portable stadiometer (Seca 213, Basel, Switzerland) and body weight as well as body composition (fat mass) using 
Lifestyle Behavior
Physical activity* [38] [39] [40] Sedentary behavior [40] Use of tobacco [41] Use of alcohol [42, 43] Food pattern [44] Psychological constructs
General self-efficacy [45] Self-efficacy towards physical exercise [46] Self-concept for general physical capacity and physical attractiveness [47, 48] Enjoyment of physical activity [49] Enjoyment of sedentary behavior [49] Sensation seeking [50] Physical well-being [51] Psychological well-being [51] Depression [52] Intention for physical activity [53] 
Social factors
Parental support for physical activity [25] Friends physical activity* Normative expectations* Environmental situation to be physical active*
Qualitative methods
Activating-strategies (group discussion, document analysis)
Interactive processes (group discussion)
bioelectrical impedance analysis (Omron BF-511, Omron Healthcare, Mannheim, Germany). Students' BMI will be calculated and converted into age-and gender-specific percentiles using the Coles LMS-method [55] on the basis of a representative German sample [56] . For further analysis, the standard deviation scores will be determined. Blood pressure and resting heart rate will be measured with an automated oscillometric device (M5-Professional, Omron Healthcare, Mannheim, Germany). A flexible tape will be used to determine waist circumference at the medial axillary line half-way between the lowest rib and the iliac crest [35] . For measuring heart rate after stress as well as recovery heart rate after three minutes, respectively, pulse watches with chest belts will be used (Polar FT1, Polar Electro GmbH, Büttelborn, Germany). The entire medical testing will be conducted under a physician's supervision.
Physical testing
For measuring cardiovascular fitness, the 20-meter shuttle run test will be conducted [36] . In this progressive running test, the students have to run between two lines for a distance of 20 meters. The required running pace of an initial 8.0 km/h increases continuously by 0.5 km/h each minute. Students have to cross the opposite line in a given time interval indicated by prerecorded audio signals. The test stops when the student fails to reach the line by the sound for the second time. To determine aerobic capacity, the number of one-minute stages will be counted with a precision of 0.5 stages. The 20-meter shuttle run test allows a validated estimation of maximal oxygen uptake as an indicator of cardiovascular fitness [57, 58] .
Questionnaire
Data about socio-demographic characteristics, lifestyle behaviors well as psychological and social variables will be collected by self-administered questionnaires. The items and scales used are based on published and validated questionnaires and the international literature. The entire questionnaire was tested for feasibility and comprehensibility during the pilot study with 89 students. Based on the experiences in the pilot study regarding comprehensibility and acceptance of items and conducted item analyses, the questionnaire has been revised and shortened. Considering item analyses, items have been excluded if (a) item difficulty was smaller than 20% and larger than 80%, respectively, (b) item-rest correlation was smaller than .40 and (c) their exclusion either led to higher internal consistencies or did not substantially decrease internal consistency of the particular scale. Table 2 summarizes item characteristics and internal consistencies of the scales that have been modified based on the results of the pilot study and that will be employed in the planned study. Furthermore, for selfconstructed items and scales seven-day retest-reliabilities were determined on a subsample of 38 students.
Socio-demographic characteristics Socio-demographic characteristics like school type, age, gender and migration background will be assessed as well as the socioeconomic status asking for the parents' highest educational attainment [37] .
Lifestyle behavior Adapted items of the MoMo-activityquestionnaire [38] will be used to assess physical activity in different contexts (school, sports clubs and leisure time) and in different dimensions (duration, frequency and intensity) as well as the mode of commuting to school. These questions provide information about physical activity during a regular week. Besides, students in the pilot study were asked with which activities they choose to spend their recess time in school. The three activities that were named the most (sitting or standing while talking to others, walking through the school or schoolyard, and sports such as football or basketball) will be included in the final questionnaire. Students will be asked how often they engaged in these activities during the recess times of the last week. Overall moderate to vigorous physical activity will be determined by a reliable and validated two-item screening measure [39] . The survey method for leisure time sedentary behavior was modified from Zabinski and colleagues [40] . Students will be asked how much time they spent on the most recent school day and the most recent Sunday with different sedentary behaviors. Different physical activities were added to the list providing insights into the distribution of sedentary and active leisure time during a specific day. The list of activities is based on the original questionnaire, categories for physical activity (active transport, household activities, physical activity in sports clubs, in school and in leisure time), and extended by answers of students in the pilot study. Lifetime smoking and current smoking [41] as well as lifetime alcohol use, current alcohol use and frequency/number of previous binge drinking [42, 43] will be assessed. Finally, students will be asked how often they consume different foodstuff in a usual week, namely, fresh fruits and vegetables, sweets or chocolate, soft drinks, fast food and water [44] (retest-reliability (r) ranged from 0.39 to 0.63).
Psychological variables Items of published and validated scales selected with respect to item analysis during the pilot study will be used for the assessment of general self-efficacy [45] , self-efficacy towards physical activity [46] , physical self-concept for general physical capacity and physical attractiveness [47, 48] , enjoyment of physical activity PACES (Physical Activity Enjoyment Scale) [49] , sensation seeking [50] as well as physical and psychological well-being [51] . The enjoyment of screen-based and non-screen-based sedentary behaviors will be assessed with four adapted items of the PACES [49] (non-screenbased sedentary behavior: r = .59). The scale "depressed affect" of the German version of the Center for Epidemiological Studies Depression Scale for Children CES-DC [52, 59] and three items to assess the intention for physical activity were added to the questionnaire after the pilot study. Thus, students will be asked how much they agree with three given statements, (for example: "I plan to be physically active for at least 60 minutes per day on most days of the next week."; seven-point semantic differential scale from "likely" to "unlikely") [53] .
Social variables Parental support for physical activity will be assessed by an adapted version of a scale used by Trost et al. [25] (r = .80). Furthermore, students will be asked how many of their friends are physically active regularly (5-point scale: "none" to "all", r = .72), how many are in a sports' club (5-point scale: "none" to "all", r = .69), how important it is in their circle of friends to be physically active (4-point scale: "not important" to "very important", r = .50) and how often their parents were physically active without them in the past week (5-point scale: "never" to "more than five times", r = .78). Two items will be used to obtain information about the environmental situation to be physically active: "In my neighborhood there are many facilities in which for being physically active." (5-point scale: "strongly disagree" to "strongly agree", r = .60) and "When I want to do sports, facilities and equipment are lacking." (5-point scale: "never" to "always", r = .70). Finally, normative expectations of physical activity and screen time will be assessed. Therefore, students will be asked for their estimation of the portion of adolescents that are physically active for 60 minutes on a daily basis (r = .60) and how many hours per day adolescents spend watching TV or on the computer (r = .61).
Qualitative methods
In addition to and in combination with quantitative methods, a qualitative analysis of processes and outcomes of the "läuft." program will be performed. During the program, document analyses of students' entries on the homepage will be conducted. Group discussions with students will be carried out in the course of the postassessment.
Document analysis
To gain insights into processes of the intervention immediately, a qualitative document analysis of activities on the "läuft." homepage will be conducted. The homepage can be used by students to take part in the creativity contest, compete with their amount of steps, share their individual experiences in the program, discuss program associated topics and participate in weekly tasks. Students' activities and entries on the homepage will provide information about the activating-strategies that will be used and developed during the intervention.
Group discussion (students' perspective) In order to obtain a deeper understanding of students' experiences, motives and interpretations of given impulses and activating-strategies during the program, group discussions with selected members of each intervention class will be conducted in the course of the post-assessment. On the basis of a theoretical sampling [60] , five to seven students differing with regard to (a) gender, (b) interest in and commitment to the "läuft." program and (c) athleticism will be asked to participate in the group discussions. These will follow a thematic compendium and will be carried out in accordance with the principles of Bohnsack [61] , which emphasize the self-deployment of the group and the minor impact of the researcher on group processes.
Process evaluation
To evaluate the quality of implementation, teachers will be asked to fill in questionnaires about the realization of each intervention component during the program. Information about acceptance, feasibility and suggestions for improving the program will be provided by another questionnaire for all participating teachers after the intervention and interviews with selected teachers. The latter will additionally enable a more profound and case-oriented analysis of interaction processes, barriers and success strategies. The teachers will be selected using theoretical sampling based on results of the questionnaires as well as formal criteria (for example, gender and type of school).
Statistical analysis
Statistical analysis will be conducted with Stata V13.1 (Stata Corp, College Station, TX, USA) following the intention to treat principle. To evaluate efficacy of the program, multilevel analysis with the levels: schools, classes, individuals and waves, will be performed. Random intercepts will be included for schools, classes and individuals taking the clustering effect into account. Group and covariates will be taken as fixed effects. Differences between intervention and control group at baseline as well as attrition analysis will be examined using a t-test for independent samples and Fisher's exact test.
Qualitative analysis
Qualitative data will be analyzed using ATLAS.ti software (ATLAS.ti GmbH, Berlin, Germany). Following basic methodological principles of the qualitative content analysis [62] and coding strategies of the grounded theory approach [63] , relevant categories will be generated, systemized and summarized to permit thorough interpretations of participants' opinions and experiences.
Discussion
The described study protocol is intended to evaluate the efficacy of the "läuft." physical activity program to enhance physical activity of adolescents using a two-arm threewave cluster randomized controlled trial. "läuft." is a school-based program addressing an age group -adolescents aged 13 to 15 years -in which the level of physical activity declines dramatically [13, 14] . Thus, to accomplish an increase of the basic physical activity level in everyday life the intervention is targeted on four different components: individual, class, school and parents.
In the promotion of physical activity in adolescence, a multicomponent approach and interventions in the school setting have been proven to be most promising and successful strategies [15] . Considering the easy access to students from all levels of society and the long period of time they spend in school, health programs in the school setting can effectively reach a large number of adolescents. On the other hand, many school-based interventions were insufficient in enhancing not just inschool but also out-of-school physical activity [17, 18] . The "läuft." physical activity program tries to overcome this shortcoming by changing students' everyday routine by using pedometers throughout the entire day. Moreover, pedometers have been proven to increase physical activity also in low-active adolescents [21, 22] who are at high risk of adiposity, and poorer cardiovascular health and fitness [64] . The implementation of a follow-up assessment 12 months after the program ends, takes into account that interventions for promoting physical activity in adolescents are mostly limited to rather short-term effects [17] . Considering four educational lessons over a period of 12 weeks, time and effort for participating teachers are rather low. Indeed, the intervention might not be intensive enough to lead to major improvements in cardiovascular risk factors, such as BMI or blood pressure, but the low threshold for successful participation might also cause better acceptance. Students do not need to be athletic or of normal weight to achieve a high number of steps.
Nevertheless, universally applied programs also include students that are already sufficiently physically active. Thus, not all resources will be used efficiently. As the main limitation of the presented study, physical activity will be assessed by using self-administered questionnaires and will not be measured objectively through accelerometers. Even though, with respect to adolescents, reliability and validity of self-administered recall-questionnaires are acceptable to good [65] ; aiming for triangulation of quantitative and qualitative research methods, the qualitative results pose an opportunity to reach a better and deeper understanding of the barriers and prospects of a "successful" intervention and aspired sustainability. Suitable strategies and options can be deducted from the quantitative-qualitative data and lead to concrete recommendations for future implementation.
Trial status
At the time of manuscript submission (September 2013), the school recruitment was about to begin and will finally be started in October 2013. First data assessment will start in 2014.
Abbreviations BMI: Body mass index; CES-DC: Center for epidemiological studies depression scale for children; ICC: Intraclass correlation coefficient; PACES: Physical activity enjoyment scale; r: Retest-reliability.
